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Eig#eea fnfants and ehlklren with i&&d ductus arte- 
rbu.a and various hemodynamk states were er;amined with 
the Dappler c&r Ilow mapping lechaique to study the Row 
pMterns of the pclenl duchis and its adjacent structures. 
Direct vfsualizaliorr of lhe ductus was achieved in all 
pattents. AIt ductat &IV was shunting IeR to right frm the 
descending aorla to the pulmonary artery even in the 
prosmec of sig5Iiikanl tlevath of pulmonary artery pres- 
sure. However, l&111 bidirectiunal shunting was ob- 
JmerJ in two pallet@ on seti studies. Df5turbed systolic 
and dtiolk Ilows welt deznunstratid :vithirr the ductur in 
carh ersc. 
The blood fiws in tb maim pulmonary artery n*tskted 
of three disti~ishrsbk are&p: 1) a character% high 
v&city turbulent rehograde ductat jet thruu@ut the 
coon&&d of disturbed syslalk and disstdk 
a*evemxl direcliaw. 
with simubneaas 
Lw mapping greatty farilit&es the dttectiun of a smatt 
duct& shunt. This technique aho &uws be&tkm d a 
bidirectional or right to kfl ~LSC&! shtlnt. 
(J Am Cdl Car&d 1988:12:1285-.91) 
Direct visualization of the patent ductus arleriosus by two- 
dimensional echocardiography has been extensively studied 
by several groups of investigators (l-4). However, this 
technique cannot reveal the direclion and magiritude of a 
ductal shunt, and it is limited in predicting patency of a small 
ductus. The use of conventional pulsed and continuous wave 
Doppler techniques makes it possible to define the flow 
characteristics oi the patent ductus and to assess the pres- 
ence of pulmonary hypertension (S-IO). Although the Dop- 
pler technique is sensitive in detecting ductal patency, it 
provides on!:) indirect evidence of a shunt flow that depends 
on the pulmonary and systemic resistances. Combined use 
of two-dimensional and pulsed Doppter echocardiography 
with direct Doppler interrogation of the ductus seems to be 
the most ideal noninvasive diagnostic approach to obtain 
both anatomic and hemodynamic information in patients 
with patent ductuo arteriosus. 
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Doppler color Row mapping (1 I-13) provides a color- 
coded real time two-dimensional display of intracardiac and 
intravascular blood Rows superimposed on ;he two- 
dimensional echocardiographic image of the anatomic WJC- 
tures. Experiences in utilizing this new technology for diag- 
nosis of various valvular and shunt lesions have been 
encouraging (I I-18). In this study we systematirai!y rvalu- 
ated the flow characteristics of the patent ductus artcriosus 
and its adjacent structures with Doppler color Row mapping 
for better delineation of different flow patterns during dif- 
ferent hemodynamic states in patients with isolated patent 
ductus arteriosus. 
Methds 
Study cm. Eighteen unselected patients with isolated 
patent ductus arteriosus, seen between Oct&zr !!ZF dnd 
May 1986. were included in this study. Their clinical profile 
and hemodynamic chxu%cteristics are summarized in %abic 
I : their age ranged from 8 da,s to IO years. The diagnosis of 
patent ductus arteriosup was confirmed by Lardix catheter- 
ization in 8 patients and a! surger’y in 14. 
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IO M16.5 yr URI + f f ? 34118 (271 0.3 Moderale (5 mm) 
II IX .ii yr None + NA NA 
12 W2.3 yr Nufle _ NA NA 
13 tvlu113.3 yr None c NA 4mm 
14 F/3.8 yr None f t NA 4mm 
15 Fi4 yr URI f + - NA 4mm 
16 FM ;‘r None + -+ _ NA NA 
17 F/4.5 yr None 2.47 2519 (IS) 0.27 l/3 Ao 
I8 F/IO yr None + _ NA 4mm 
‘Ctinical pulmonary artery hypertension (PAH) is suggested bp absent or abbreviated diastolic murmur. loud pulmonary component of the second heart sound 
and indications of valvular pulmonary hypertension by M-m& echocardiography; tQp/Qs was probably overestimated in Cases 7,8 and I7 because only the 
less well mixed blood in the main pulmonary artery was sampled. In other cases, blood samples were taken from the main, left and righI pulmonary arteries to 
generate a mean value of pulmonary artery oxygen saturation. Ao = descending aorta: Cath = catheterization; CHF = congestive heart failure: CXR = chest 
roentgenogram: D = diastole; ECG = electrocardiogram: F = female: FIT = failure to thrive: M = male: M-Echo = M-made chocardiography; NA = not 
available; PAP = pulmonary artery pressure; PDA = patenl durtus arterious; PJP, = rario of pulmonary to systemic pressure; QdQ, = ratio of pulmonary to 
systemic Row; S = systole; URI = upper respiratory infec!ion. + = present; - = absent; f = equivocal. Cases I to !O are patienls with clinical features of a 
large patent ductus arteriosus; Cases I I to I8 are paGen!s with clinical features of a small ductur 
Equipment. Doppler color flow mapping was performer! 
with an Aloka color Doppler model SSD-880 CW ultrasound 
system and a 3.5 or 5 MHz phased array focused transducer. 
Jkhoeardiographic examination. Long- and short-axis 
views of the ductus were obtained by a high parasternal 
approach with the sector plane close and parallel to the 
sternum as described by others (14). After the patent ductus 
arteriosus was visualized, the Doppler color flow image 
superimposed on the two-dimensional image was displayed. 
Flow toward the transducer appeared as red, and flow awiy 
from the transducer as blue. Turbulence was displayed as 
mosaic blue-green and yellow-orange. The blood flow pat- 
terns in the main pulmonary artery, ductus and descending 
srorta imaged by this Doppler technique were studied in 
detail. 
Results 
Clinical features. Clinical features of a large patent 
ductus arteriosus were observed in the first 10 patients 
(Table I). Cardiac catheterization was performed in 7 of 
these IO patients. Various degrees of elevated pulmonary 
artery pressure with a large left to right shunt were demon- 
strated in each case. The remaining three patients who did 
not undergo catheterization also showed evidence of pulmo- 
nary hypertensiola as suggested by an absent or abbreviated 
diastolic murmur, a loud pulmonary component of the sec- 
ond heart sound and a pulmonary vake that suggested 
pulmonz:y hypertension by M-mode echocardiographic cri- 
teria. All but one patient underwent surgical ligation of the 
ductus, The surgical findings were consistent with a large 
ductus in all but two patients whose ductus was considered 
moderate in size. The subsequent eight patients showed 
clinical features of a small patent ductus without significant 
symptoms, cardiomegaly or pulmonary hypertension. Five 
of these eight patients underwent surgical ligation of the 
ductus, which was found to be small in al! five patients. 
Doppler Flow Characteristics 
Patent ductus arteriosus. The patent ductus was visual- 
ized in long- and short-axis views by two-dimensional echo- 
cardiogfaphy in all I8 cases (Fig. I). Disturbed systolic and 
diastolic flow was demonstrated within the ductus in eacli 
case (Fig. 2). All ductal flow was shunting left to &ht 
throughout the cardiac cycle even in the presence of signif- 
icantly elevated pulmonary artery pressure because no pa- 
tient with pulmonary hypertension in our series had devel- 
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oped advanced pulmonary vascular obstructive disease. 
However, a transient bidirectional ductal shunt was ob- 
served in two patients (Cases I and 5) on serial studies. One 
pat!cnt (Case 5) showed a b:directional ductal shunt on 
the first brudy during an episode of pneumonia and exclu- 
Gveiy iefi to right shunting on !he second study after 
recovery from pneumonia 2 weeks later (Fig. 3 and 4). The 
other patient (Case 1) showed brief right to left shunting 
Figure 1. Case I I. Long-axis view (A) and shnrt-axis view (B) of a in early systole and left to right shun&g during the resi 
small patent ductus arteriosus in a 2 year old girl by the left of the cardiac cycle at age 8 days. Four days later the 
infraclavicutar pproach. D = ductus; DA0 = descending aorta; L 
= left pulmonary artery: PA = main pulmonary artery; R = right 
direction of the ductal shunt was left to right throughout the 
pulmonary artery. cardiac cycle. 
Main pulmom artery. Three areas of blood flow were 
identified in the main pulmonary artery (Fig. 2 and 5). The 
ductal jet was found to originate from the pulmonary end of 
the ductus directed toward the pulmonary valve along the 
anterolateral wall of the main pulmonary artery. Outside the 
ductal jet, the main pulmonary artery was filled with slightly 
accelerated systolic and diastolic flows wtib moderate spec- 
tral broadening going away from the pulmonary valve (i.e.. 
in the direction of normal forward Row). Starting from 
mid-systole lasting into early diastofe, a third current uf 
blood Row was first seen at the bifurcation of the main 
pulmonary artery directed toward the pulmonary valve along 
the posteromedial wall. In some cases it persisted through- 
out the cardiac cycle. This third current consisted of a low 
velocity jet with moderate spectral broadening. It could be 
demonstrated in all patients irrespective of dustal size and 
was more prominent in patients with pulmonary hyperten- 
sion by occupying a larger area of the main pulmonary artery 
(Fig. 3). This mid-systolic to early diastolic flow in a reverse 
dkection from that of the normal forward flow was found to 
persist !o a lesser extent in the immediate postoperative 
period in all 14 surgically treated patients. 
Aorta. Disturbed systolic and diastolic flow in a reversed 
direction was demonstrated in the upper descending aorta 
near the ductal orifice (Fig. 2,3 and 5). The blood flow in the 
ascending and descending aorta remote from the ductal 
orifice showed normal systolic Row and persistent diastolic 
flow in the normal direction. It was difficult to detect 
diastolic flow in the aorta remote from the ductal orifice. 
especially in patients with a small ductus. 
Duck4 tlow p&terns. The ductal flow patterns as assessed 
by sampling in the main pulmonary artery from the precor- 
dial approach by conventional pulsed Doppler echocardiog- 
raphy vary with the location of the sample volume (3,5- 
8,19). The recent introduction of the Doppler color flow 
mapping technique has greatly enhanced undc:standing of 
the complexity of flow patterns in the main pulmonary artery 
of patients with patent ductus arteriosus. Using this tech- 
nique in our study we observed three distinct areas of blood 
Bow in the main pulmonary artery. 
First, the ductal jet was found along the anterolateral wall 
of the main pulmonary artery probably because of the 
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Figure 2. Case I I. Ductal blood flow dem- 
onstratec’ by Doppler color flow mapping. 
Long-axis view of the ductus in early 
systole (A), mid-systole (B), late systole 
(Cl and diastole (D) is shown in sequence. 
Short-axis view of the ductus in diastole is 
shown in panel E. A distinctly turbulent 
ductal jet consisting of yellow-orange and 
blue-green colors in mosaic pattern is seen 
originating from the aortic (AO) end of the 
ductus going through the ductus into the 
main pulmonary artery (PA) in a retro- 
grade direction to normal blood flow. The 
forward flow in the main pulmonary artery 
and descending aorta (6, C and E) is 
displayed in blue. Note a red retrograde 
blood flow originating from the bifurcation 
of the main pulmonary artery (armws in 
panels R to D) toward the pulmonary 
valve that eventually merges with the 
ductal jet. F, Top, M-mode display of the 
Doppler color flow mapping with the ultra- 
sound beam traversing the ductus. Note 
continuous nature of the ductal blood flow 
with more prominent turbulence (mosaic 
pattern) in late systole and early diastole. 
The bottom shows turbulent continuous 
ductal flow by conventional pulsed Dop- 
pler echocardiography with the sample 
volume in the ductus (white dashed line at 
the top). Note the wide spectral dispersion 
and range ambiguity. 
Figure 3. Patient 5. Doppler color flow mapping 
of the ductus (long-axis view). Panels A and B 
show bidirectional ductal shunt during an epi- 
sode of pneumonia. Blue flow in the ductus 
(arrow) in late systole (panel A) indicates a right 
to left shunt. Orange flow in the ductus in early 
diastole (panel B) indicates a left to right shunt. 
Panel C and D show a turbulent left to right 
shunt (mosaic yellow-green color) during sys- 
tole (panel Cl and diastole (panel D) in the 
ductus (arrow) after recovering from the pneu- 
monia. Note prominent retrograde flow in yel- 
low-orange color (arrow head) on the opposite 
(medial) side of the ductal jet in the main 
pulmonary artery. Abbreviations as in Figure I. 
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Figure 4. Patient 5. Pulsed Doppler echocardiography with the 
sample volume in the ductus. A. Multiphasrc bidirritlozal :hnn!i~g 
during an episode of pneumonia. The low velocity flow changed 
direction four times with two positive and three negative peaks 
during each cardiac cycle. The vertical calibration in cycle 3 
indicates 20 cm/s between each marker. B. Two weeks later. when 
the patient recovered from pneumonia, pulsed Doppler echocardiog- 
raphy in the ductus shows continuous turbulent tiow with range 
ambiguity during systole and early diastole as we11 as a left to right 
shunt with low velocity (positive signal) during late diastole. Cali- 
bration same as in A. 
Figure 5. Case 9. Blood flow character- 
istics in the main pulmonary artery of a 
6 year old boy with a large ductus and 
significant pulmonary hypertension. A, 
Long-axis view of the ductus at the 
beginning of systole shows a retro- 
grade turbulent ductal jet (yellow- 
green color in mosaic pattern) occupy- 
ing the anterior aspect of the main 
pulmonary artery (Pa). B, Long-axis 
view of the ductus in mid-systole. 
Away from the ductal jet, blue-colored 
forward flow is demonstrated in the 
main pu:monary artery (Pa). C. Long- 
axis view of the main pulmonary artery 
(Pa) and descending aorta (Ao) more 
medial to the ductus shows red-colored 
retrograde blood Row occupying the 
posterior aspect of the main ptdmonary 
artery. This retrograde btood flow is 
different from the ductal jet in location, 
velocity and timing. Upper pan& of D 
to F show M-mode disptay of the Dog 
pler color flow mapping with the ultra- 
sound beam traversing the ductal jet 
(D), the forward flow (E) and the retro- 
grade flow (F). Conventional pulsed 
Doppler echocardiography is shown in 
the lower panels with the sample vol- 
ume in the ductal jet (D), the forward 
flow(E) and the retrograde flow (F). D, 
The dactal jet shows high velocity tur- 
bulence in systole and very low veloc- 
ity flow in diastole due to severe pu& 
monary hypertension. E, The forward 
Bow in the main pulmonary artery per- 
sists throughout the entire cardiac cy- 
cle with normal velocity and mild spec- 
tral dispersion. F, The low-velocity 
retrograde flow in the posteromedial 
aspect of the main puhxonary artery 
starts in late systole lasting into early 
diastole. Forward flow is demonstrated 
during early systole in this area. 
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anatomic arrangement. It could be traced back to the pul- 
monary end of the ductus. Thus, differentiation from other- 
lesions that may cause diastolic retrograde flow in the main 
pulmonary artery is possible. 
Second, in most areas of the main pulmonary artery, a 
continuous forward flow representing blood flow toward the 
lungs was demonstrated. During systole the flow is the sum 
of the normal forward flow ejected by the right ventricle and 
the ducta shunt flow. in diastole the ductal jet enters the 
main pulmonary artery when the pulmonary valve is closed, 
and the blood must reverse direction to flow down into the 
branches. This diastolic forward Aow was found to be a 
characteristic velocity pattern in the main pulmonary artery 
of patients with a small patent ductus arteriosus because the 
turbulent ductal Aow was frequently missed by pulsed Dop- 
pler echocardiography (6). 
Third, a previously undescribed low velocity retrograde 
flow was found to exist on the opposite side of the ductal jet. 
This type of blood flow is nonspecific and has been observed 
in cases of dilated main pulmonary artery from any cause, 
such as pulmonary valve insufficiency, patent ductus arte- 
riosus, pulmonary hypertension. valvular pulmonary steno- 
sis and idiopathic dilation of the main pulmonary artery 
(19). The origin of this retrograde flow is not clear. It is 
speculated that part of the forward flow in the dilated main 
pulmonary artery changes direction at the bifurcation be- 
cause of reflection waves from the peripheral pulmonary 
circulation (19). 
Advantages of Doppler color flow mapping. Demonstra- 
tion of retrograde diastolic flow in the main pulmonary artery 
remains the commonly accepted criterion for the diagnosis 
of a patent ductus arteriosus by pulsed Doppler echocardiog- 
raphy (5-10). If one relies on this diagnostic criterion, the 
nonspecific low velocity retrograde flow on the opposite side 
of the ductal jet may cause confusion, especially when 
pulmonary hypertension is present. Usually, this low veloc- 
ity retrograde flow can bc differentiated from the ductat flow 
on the basis of differences in location, velocity and timing. 
Unfortunately, in the presence of pulmonary hypertension, 
the ductal jet velocity becomes low and the retrograde 
flow becomes prominent and differentiation of the two by 
conventional pulsed Doppler echocardiography is not 
easy. With Doppler color flow mapping, this nonspecific 
retrograde flow can easily be differentiated from rhe ductal 
Row. 
In patients with a small ductus, the area occupied by 
the ductal jet is very small and, therefore, it can be easily 
missed by conventional pulsed Doppler echocardiography 
unless it is extensively sought by placement of the sample 
volume at the pulmonary end of the ductus (3,6). Doppler 
color flow mapping greatly improves the diagnostic sensitiv- 
ity because detection of the ductal jet is much easier with 
this technique. 
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Conventional pulsed Doppler echocardiography in the 
main pulmonary artery is not useful in the diagnosis of patent 
ductus arteriosus with a right to left shunt. Fortunately, 
a large ductus can easily be imaged and directly interro- 
gated. When bidirectional or right to left ductal shunting is 
present, Doppler color flow mapping provides excellent real 
time display of the blood flow across the patent ductus 
arteriosus. 
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